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® Composite membrane compositions are formed from about 99 to 30 parts by weight of a matrix polymeric 
chain selected from the group consisting of polyarylenes. substituted polyarylenes. polyesters, polypropylene, 
polystyrenes, polyvinyl haiides and nitrogen containing polymers and. from about 1 to 70 parts by weight of a 
liquid crystal selected from the group consisting of smectic and cholesteric classes. The composite membrane 
compositions are novel and have utility as a semipermeable membrar>e for the separation of gases. 
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POLYMER/LIQUID CRYSIAL COMPOSnTE SEMIPERMEABLE MEMBRANES AND PROCESS FOR THE USE 

THEREOF 

This invention is directed toward novel compositions having utility as semipermeable memhrAnpc f.^r 
and e^h-^-''^^^^^^ compositions comprise a matrix 'polymer ch^n JnTa ^ cr^Sa m^^^^^^^^^ 

and exhibrt improved pemiselectivity. A process for the use of these compositions as Sirriawi 
membranes for the separation of gas mixtures is also provided. compositions as semipermeable 



75 



20 



25 



30 



35 



40 



BACKGROUND ART 
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use'JVpa? Not\£tlT''T f.""^"''"^ semipermeable membranes, their preparation and 

While the membranes of the above teachings and others all display some level of utility there xists a 
contnumg search for new membranes and new applications for both new and known Lmb^;,es One 7ea 

Ip^SonTS^^^^^^^ 

Z's.^ and a^.f:?:nt^rn^™^ 'i."'c. 
polyme? membrane material comprising a nematic liquid crystal and an organic 



A more detailed description of polymer/liquid crystal membranes appears in an article entitled -r»« 
307-316 (1984) and describes the preparation, characterization ar^i^oTTTomtSsite rnemLT« 
r Sc'°'''="^"^'^"-^'"''°^^^ of'UidTry^remX^ 

Thus, all of the foregoing publications have been directed toward the use of nematic liauid crvstals a„H 
have not suggested the use of smectic and cholesteric liquid crystals. ^ ^ ^ ^'^ 



DISCLOStJRF OF THF INVENTION 



30 nJTZ membrane compositions of the present invention comprise from about 99 to 

sub^Sd Lr^? °^ ^ ^'^'"'"^ fr^"' Sroup consisting TpolSen^ 

aS S'^;^^ rlr- PO-ystyrenes. polyvinyl h'alides and L^enSnTg 

pro^.^LVa ?rSss'Tr'^^''i^^^^^ semipermeable membranes and the present invention also 

L^«nf ? w separation of gases from a mixture containing at least two oases into two 

STe ^^''^ '^^ °' 9^=^' the other frSiorbiS de^L^n 

TsuT^ n^n^rra^'ri'^'TH,''" ""^"^'"^ '"'^^^ semipem,eabTe memt^S 

n Sie enriThTd f a!^Sn iS^, ""^'^ ^^'^^^"'^ ^^^"S'' *e membrane resulting 

^ Lide Of tJ^ member ' °" "^'"'^""^ "^'^ ^^P'^*^ ^--««" '^'"S on the o Jr 
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PREFERRED EMBODIMENT FOR CARRYING OUT THE INVENTION 

^nrJ^\"'T^'^^ compositions Of the present invention comprise different types of matrix polymer chains 
and a liquid crystal material of a smectic or cholesteric class which is selSted for i s n^^c^ 

L^prarlTSnT "^"^ ^° ^JL"!^**^^'^ "'-"^^ whic^t^lsf ^rbrlnVcom^^^^ 

memTrrs^caTbetb^y""''^ °' "^"'^ "^^^^ -ny noveT'and usS:i 
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the membranes can be provided in a variety of wel! known and useful forms including composit or 
laminate films as well as hollow fibers. While many of the matrix polymer chains have separate utility as * 
membranes, mechanical properties thereof are improved due to the plasticization effects provided by the 
liquid crystal material. A disclosure of the myriad polymer chains and suitable liquid crystal materiaJs that 
5 can be combined is provided hereinbelow. 

These membranes display selective separation toward small molecules on the basis of their molecular 
size and molecular shape. This molecular sieving effect is temp)erature deF>endent. At higher temperatures 
lower selectivity but increased permeability is expected. This t)ehavior suggests that the selective separa- 
tion with these polymer/liquid crystal membranes is a result of steric discrimination introduced by the 
70 molecular arrar>gement of the mesophase, the regularity of this arrangement being detenminative for the 
permselectivity of the membrane. This is supported by the fact that the optimum selectivity of these 
membranes is obtained at the lowest possible operating temperature where the maximum, i.e» "lattice" 
order of the mesophase is reached. 

T5 

Selection of the Matrix Polymer 

As stated hereinalx)ve. the matrix polymer chain comprises compounds which include the polyarylenes 
and substituted polyarylenes; polyesters, polypropylene, polystyrenes, polyvinyl halides and nitrogen 
20 containing polymers. 

The polyarylenes are those polymers defined by the formula 



(I) 



n 



where each R is independently a C. to C, aliphatic or a C to Cr cycloaliphatic radical or an aryl radical 
having the formula 




40 



<0>-<r 



(II) 



where each R. is independently a C, to C, aliphatic radical and p is an integer of 0 to 4, each radical being 
free of a tertiary alpha-cartx>n atom; A is hydrogen, halogen, an aliphatic or an aryl radical; Y Is a divalent 
oxygen or sulfur atom or a cartxjnate group and n is an integer of from atXHrt 75 to atxKrt 10,000. 
Substituted polyarylenes are defined by the formula 
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(III) 



n 
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Where R. Y. A and n are the same as abov and B is a sulfonyl. sulfonamide, alky., acy. or phosphorus 
^ As noted above. Y can be divalent oxygen. -0-. divalent sulfur. -S-. or a carbonate group 

5 0 

The definition of Y can vary from arylene unit to arylene unit and thus a noiwrnor «f * i, i 

and^l'J'ST^ '■^"^"i^ A ' and II besides hydrogen Include halogens, is. F CI Br 

Typipal aliphatic groups represented by R in formula I and the foregoing equation include methvl «thvi 
propyl hexyl. cyclohexyl. cyclohexenyl and the like. Where R is i a^l desS^bS iTfo^^ 
.5 nonpolymeric aryl radicals such as phenyl, tolyl. xylenyl. phenethyi ar.d ^e liS Je comlplJ^T T^us 
surtable compounds can be unsubstituted aryl. where p = 0. or alkvlarvl or BrZs^\,^Tl^ n M ' Hi t 
■ can contain inert substituents. l^, substltuents that are non;ea;tv?^S LZ^S^t^etTJ, 
•under separaton conditions, although preferably R is free of any such substltu^JTSTs prl^rr^S 

.o SlohLt ' H ^ P""^'^'^'^ " '"^^^y <^«fi"Jtion Of for^Ste H sh^r^e c to S 

20 aliphatcs discussed in conjunction with R hereinabove ' ^ 

With respect to the groups represented by B in formula III. one is the sulfonyls having the formula 
I 

25 0=S=0 (IV) 

^2 * 

30 where is a C, to C„ aliphatic, an aryl radical of the formula 

<(0)-<h^p (ID 

or a naphthyl radical. 
^ Another group includes the sulfonamides having the formula 



0=S=0 (V) 

N 
/ \ 

^2 ^2 
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Where R, can be the same or different 

Another group includes the alkyls having the formula 
R3-(VI) 

where is a C, to Cao aliphatic radical. 

Another group includes the acyls having the formula 
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O (VII) 
II 

where R4 is a C, to C» aliphatic or an aryl radical of the formula 
-(R.)p (ii). 

Lastly, phosphorus groups having the formulae 
-P-(FU), (VIII) 
or 

- P -(RO. (IX) 
0 

can be employed where Rs is R4, O-R* and mixtures thereof and can be the same or different. 

Rj in the definition of formulae IV and V can be any linear or branched hydrocartx)n having from one to 
about 20 cartx)n atoms including saturated compounds such as methyl, ethyl, propyl, butyl. t-tHityl, octyl. 
hexadecyl and the like, as well as unsaturated, e.o. . alkenes. alkynes arxJ the like. 

R, can also be an aryl radical of the formula 



25 



^ <( )>-<Ri>p (II) 



as noted hereinabove where each R, is independently a C, to C, aliphatic radical, and p is an integer of 0 to 
4. H p is a positive integer (greater than 0). preferably it is 1 or 2 and then R, is preferably a; C, to C3 alkyi 
radical. 

Rj can thus also be any nonpolymeric aryl radical, such as phenyl, tolyl. xylenyl and phenethyl. By non- 
polymeric is meant that the aryl radical of an arylene unit of another polymer strand of formula I or In other 
words, the sulfone group for instance, 0=*S*O. does not link two independent polymer strands. However. 
30 the aryl radical here includes multi-ring compounds such as biphenyl. diphenyloxide, etc. As noted, R, can 
also be naphthyl. Preferred aryl radicals are phenyl, tolyl. xylenyl and phenethyl. 

Rj in the definition of formula VI shares the C, to C» aliphatics discussed in conjunction with Rj 
hereinabove. Similarly. R4 in the definition of fonmula VII shares both the C, to C» aliphatics as well as the 
aryl radicals of formula 11. discussed in conjunction with R, hereinabove. Suitable acylhalides include, for 
35 instance, propiony! halide. butyri chloride, lauroyi chloride, myristoyi chloride, palmKoy! chloride, 
phenylacetyl chloride, toluoyi chloride and the like. 

Suitable sulfonamide halides Irrclude compounds such as dimethyisulfamoyi chloride. Suitable phos- 
phorus acid halides include phosphorus trichloride, ethyl chlorophosphite. diphenyl chlorophosphite and the 
like. 

^ The number of pendant groups B that can be present is at least about five percent, or 0.05 mole, that 
is, one out of 20 of the polyarylene units will contain a B group. As an upper limit, 200 percent, or 2.0 mole, 
is possible, that is, every polyarylene unit will contain two groups B. Preferably, 25 to 100 percent (0^5 to 
1.0 mole ) will be present, or from or>e group B per four polyarylene units to one group B per polyarylene 
unit. 

^ Polyphenylene oxide (PPO). a polyether. is a useful material where both R groups are methyl and the A 
group is hydrogen. The weight average molecular weight of this material is typically at least about 20,000 
and preferably at least about 50.(X)0. The maximum weight average molecular weight is limited only by 
practical consideratior^. particularly the film-forming ability of the polymer, but typically it does exceed 
about 1,000,000 weight average molecular weight. These polymers and their preparation are defined at 

50 length in the above-referenced U.S. Pat. No. 3.350,844, the subject matter of which is incorporated herein 
by reference. 

As to the group A, the foregoing polymer can contain another organic group or ring and haiogenation 
can be provided in a conventional modification. It will be understood that the technique by which any of the 
foregoing groups are incorporated does not constitute a novel aspect of the present invention. 
^ Neverthel ss. in order to prepare a polymer havir>g a repeating structural unit of formula III, it is to be 

fKJted that a Friedel-Crafts synthesis is employed. The reaction takes place by contacting a solution of 
polyphenylene oxide, for instance, with sulfonyl halides, sulfamoyi hafides, alkyI halides, acyl halides or 
phosphorus acid halides as desir d, e.g. . iodides. l>romides. chlorides, fluorides in th presence of a Lewis 
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emolivf. S ' ^V^^- 0^ PO'^ solvents, particulariy nitrobenzene are 

/ the reacfton. Typ,cal reaction temperatures range between 0- and 100- C; typical reaction 

Tth ^ 7 ?K ^' "^"^ *° '^''^^^s ^« usually purgXith nitrogen 

to aid in the removal of hydrogen hallde by-products. ■u^aen 

Where the substituted polyarylene polymer contains the aryi sulfonyl group B. aryls having the formula 



^ord rnr. ^ 4-«7.4l9. owned by the Assignee of 

^TJ^ rr^'' by contacting PPO with chlorosulfonic add and then an aromatic compound 

« IT. f °' ^ Friedel-Crafts technique nor is it useful for synthesSJg 

r::;m^Tb:'"e^mpC'' - - ^« F^edel-CraftJ 

rino tr!Zl^«H^°Tv^'^'^.^'^"^L'"'''"'*' poly(phenylene oxide): tolylsulfonated poly(phenylene oxide); 
bisnhtnoT A /^^^^^"^'^"^ polysulfonate: poly(bisphenol A sulfone) and^ly (tetramethy 

'° cSonaS) ^"'^ Po.y(bisphenol A carbonate) and poly(tetrameSyr bisphenorA 

be ^itlT n^T" P^'y-"^^' °' t^se that can fom, a semipermeable membrane would 
?miS?J r^i N polyamides polyimides. polyimlnes. polyetherimides. polyacrylonltrile. polyben- 
JIJ? TJnlT^ J'"'' carbazole). polyethylenimine. polyacrylamides. polyvinyl pyrolidine and Se like. 

^= ^LZS T ""°""-t«<^ Po'y^ers with and without Slorine such as pX- 

S!f r ' t Po"y(ethylene propylene), polychlorotrifluoroethylene. hexafluoropropytene 

^2e^oi thr«,«^ P°'y^"y' the like, f isT i 

b^ nJ^««ir, ^^'^^"'"a to the matrix polymers should be construed as enabling 



algetion of the Liquid Cr 



35 As was stated hereinabove, practice of the present invention differs from previous work which omoloved 
rh!o;rS',"""f V''''' "^^"'^ """''^^"^ compositions of this invention r^uire a smeS^^r 

l^Tr^T T^'^'^T '''''' greater pemieation control of the pemieabte molecule. 

^J^r .^fuT^' '"'""'^'^^^ that can be employed include themnotropic liquid crystals of the 

.JJ. « '^^Pf^r. "mesomorphic range. The examples have been grouped by type as foSows' 
smecftc. smecbc and cholesteric: cholesteric and. noncholesteric. Although 00^3 part of the orS 
.nvenbon. one nematic type appears at the end of the Table for purposes of <x.mpS4 
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TABLE I 
Mesomorphic Liquid Crystals 



Smectic compounds 
20 4-n-pentylbenzylidene-4 ' -n-hexylanil ine 

Mesomorphic range Crystal-Smect ic - 2^ C 

Smectic-Nematic 36.2* C 

Nematic-Isotropic 38 ,2* C 



di-n-heptyl p-azoxy-alpha-methyl cinnamate 
Mesomorphic range Crystal-Smect ic 52** C 

Smectic-Isotropic 90** C 



Cholesteryl erucate 
^ Mesomorphic range Crystal-Smectic 45** C 

Smect ic-Isotropic 50** C 

^ Smectic and Cholesteric phase compounds 
Cholesteryl linoleate 

Mesomorphic range Crystal-Smectic 20** C 

Smectic-Cholesteric 26** C 

45 

Cholesteric-Isotropic 35** C 
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Cholesteryl oleate 

Mesomorphic range Crys tal-Smect ic 33 

Smectic-Cholesteric 44 

Cholesteric- Isotropic 49** 

Cholesteryl oleyl carbonate 

Mesomorphic range Crystal-Smectic -10** 

Smectic-Cholesteric 18** 

Cholesteric=Isotropic 31** 

Cholesteryl nonanoate 

Mesomorphic range Crystal-Smectic 78** 

Smectic-Cholesteric 79** 

Cholesteric- Isotropic 90** 

Cholesteryl myristate 

Mesomorphic range Crystal-Smectic 710 

Smectic-Cholesteric 79° 

Cholesteric- Isotropic 8 3** 

Cholesteric compounds 

Cholesteryl 2-ethoxyethoxy ethyl carbonate 

Mesomorphic range Crystal-Cholesteric - 2** 

Cholesteric- Isotropic 15® 

Cholesteryl 2-ethoxyhexanoate 

Mesomorphic range 46-52** 

Cholesteric (Monotropic) ' 30** 

Cholesteryl acetate 

Mesomorphic range 111-113 

Cholesteric (Monotropic) 99 

Cholesteryl benzoate 

Mesomorphic range Crystal-Cholesteric 148** 

Cholesteric-Isqtropic 176** 
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Cholesteryl bromide 

Mesomorphic range 97-930 q 

Cholesteric (Monotropic) 61** C 

Cholesteryl chloride 

Mesomorphic range 95-96© ^ 

Cholesteric (Monotropic) 65** C 

Cholesteryl palmi tate 

Mesomorphic range Crystal-Choles ter ic 77*» C 

Cholesteric-Isotropic 83** C 

Cholesteryl propionate 

Mesomorphic range Crystal-Cholester ic 97** C 

Cholesteric-Isotropic 114** c 

Noncholesteric compound 

.2-raethylbutyl p-(p-methoxybenzyl idene amino) cinnamate 
Mesomorphic range Crystal-Smectic 53** C 

Smectic-Cholesteric 78** C 

Cholesteric-Isotropic 97** C 

Nematic compound 

n-( 4-ethoxybenzylidene-4 '-n-butylaniline) ( EBBA) 
Mesomorphic range Crystal-Nematic 31** C 

Nematic-Isotropic 60** C 

The foregoing recitation shall not constitLite a limitation of the available liquid crystal materials but 
merely a disclosure sufficient to those skilled in the art to select a type or one similar thereto from the 
Table. A more complete recitation of liquid crystal compounds can be found by referring to a suitable 
textbook such as Jhe Mpl^pyl^r Phy?ic?s Qf UquKf Crystals. G. R. Luckhurst and G. W. Gray. Academic 
Press (1977) or Mfluid Qry^t^ls find Pla?t?<P fia^aalS. Vols. 1. 2. G. W. Gray and P. A. Winsor. John Wiley 
and Sons Inc. (1976). The composition range is fairly broad and includes from 99:1 to 30:70 parts by w iaht 
of polymer matrix to liquid crystal, respectively. 

Semipermeable membranes comprising the novel aromatic polymer synthesized herein can be manu- 
fectured by any conventional method. In one embodiment the polymer matrix and liquid crystal material are 
dissolved in a suitable solvent to fomn about a five to about a 20. preferably a seven to about a 15 w ight 
percent solution. Generally any polar solvent can be emptoyed with chlorofonp. dimethylformamid ; 
dimethylsulfoxide. dimettiylacetamide. ac tone and m thylethyl ketone being examplary. The solution is 
ttien pour d over a clean glass plate and spread evenly to a uniform thickness with the aid of a doctor 
blade. Th membranes ar then air dri d. removed from the glass plate and further dried in air under 
ambient conditions for a suitable period of time, generally in excess of 24 hours. In other embodiments 
these membranes can be manufactured by the various laboratory and commercial techniques known in the 
art These m mbran s can also be manufactured in structures oth r than films, such as hollow fibers. 
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The membranes of this invention can be cast at any desirable thickness aKhough membranes having a 
thickness between 25 mils (1 mil equals 25 micrometers) and 100 angstroms, preferably between 1 mil and 
100 angstroms. These membran s demonstrate good permeability, durability flexibility, strength and 
corrosion resistance. 

Typical preparations of polymer/liquid crystal compositions of the present invention were conducted as 
follows: 
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Membrane 1 

0.7 g of poly(phenylene oxide) modified with toluene sulfonyl chloride and 0.3 g of cholesteryl oleyl 
carbonate were mixed together and dissolved in 13.5 g of chloroform at room temperature. The solution 
was ttien poured over a clean glass plate maintained at 25- C and spaced to a uniform thickness with the 
aid of a doctor blade. The film was dried in the air under ambient conditions and then kept In a vacuum 
oven at 50» C for 120 hours. The phase transitions were consistent with the following liquid crystal 
transitons: ^ ^ ' 

Crystal -Smectic -10'C 
Smectic -Cholesteric 18" C 
Cholesteric -Isotropic 31 • C 

Membrane 2 

18 g of poly{bisphenol A sulfone) and 1.2 g of cholesteryl oleyl carbonate were mixed together and 
dissolved in 40 g of chloroform at room temperature. The solution was then poured over a clean glass plate 
maintained at 25' C and spread to a uniform thickness with the aid of a doctor blade. The film was also 
dried in the air under ambient conditions and then kept in a vacuum oven at 40» C for 120 hours The 
-phase transitons for this membrane were detected by DSC and were consistent with the following liquid 
crystal transitons: " 
30 Crystal -Smectic -10"C 
Smectic -Cholesteric 20" C 
Cholesteric -Isotropic 35" C 

The glass t^nsition temperature of the membrane was recorded at 160"C. 

The process of this invention directed toward gas separations is suitable for separating any one of a 
number of different gases such as hydrogen, helium, nitrogen, oxygen, carbon monoxide, carbon dioxide 
hydrogen sulfide, ammonia, water (vapor) and C, to C. hydrocarbons from mixtures containing the same. 
TypicaJ gas mixtures where separation is desirable include H^; H^CO; H/C, to C: H^a: H^H,- 00^, 
to C4; CO^^ H^C, to C.: O^,; N^H,; N^CO; He/C. to C.: H^/C. to C. and H^/C. to C. The 
membrane can also be employed for the separation of mixtures comprising three gases or more. It is to be 
understood that not all gas pairs or mixtures will be separated optimally over a given membrane of the 
"1^*1 ^ '°"9 ^ membrane exhibits a selectivity for at least one gas in a mixture, it has 

utility for that particular mixture. The semipermeable membranes of this invention find particular utility for 
ttie separation of gaseous carbon dioxide-methane mixtures into their constituent parts. i.e.. enriched 
fracnons of cartion dioxide and methane. 

These membranes are also useful for separating liquid mixtures, such as ethanol-water. water-aldehyde, 
salt water, carboxylic acid-water and the like. If used to separate liquid mixtures into their constituent parts, 
tfien these membranes are used in the same manner as known membranes for these separations 
Furthermore, these membranes can be used in any one of a number of different manners including reverse 
osmosis and pervaporation. the latter being a combination of permeation and evaporation 

In the work reported in Tables ll-VIII. which follow. 12 different polymer/liquid crystal membranes 
exemplifying the subject invention were employed for the separation of gases. aSL, CH./Ca and N^CK 

Selectivity and permeability data for these gases has been reported in Tables ll-VIII In Tables lll-VIII 
the efiect of temperature is also reported. Selectivity, as is known, is a comparison of the permeability. P. of 
one gas divided by the permeability of th second gas in the mixture. Ndrmally. the less permeable 
member of the gas pair is placed in th denominator and the selectivity factor will be a number greater than 
one. Gas permeability constants of polymers are generally expressed by the STP composite unit system 
according to the following equation: 
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(Amount of gas) (Thickness of membrane) 
P = _ 

5 (Membrane area) ( Time) ( Differential pressure of gas) 

where each member of the equation is expressed in the following units: 



10 P := 



(cc) (cm) 



2 

(cm )(sec)(cmHg) 



Permeability as such is reported in Banrers. one Banrer being equal to 1 x 10'^ P. Gas pressures on the 
T5 membranes of this invention can range from about 0.10 to 200 MPa with five to 100 MPa being preferred. 

Apparatus and Procedure: 

20 A modified Gilbert cell was used to test the permeation of the various polymer films reported in Tables 
II through VIII. The test side in each instance was exposed to a carbon dioxide/methane/nitrogen mixture in 
a mole ratio of 3.11:33.6:63.29. unless otherwise noted. The permeant was picked up by a carrier gas, 
helium, and injected intenmittentiy through a sample valve irrto a GC column for analysis. The experiments 
were conducted at a range of from 0" to about 70* C, the partial pressure of the test gas on the feed side 

25 was 29.7 psi (0.21 MPa) and the partial pressure of the product gas on the permeant side was about 0 and 
was purged with 29.77 psi (0.21 MPa) helium at a flow rate much in excess of the permeation rat . The 
area of the test membrane was 45.8 square cm. The film thickness was about 1-2 mils. 
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With respect to tt>e data in Table II, Example No. 1 was a control menr»bran which contained no liquid 
crystal component. Selectivities of CO^CH* and N^CH4 were significantly improved in Example Nos. 2-4 
which contained two different liquid crystal materials in varying amounts. Example No. 5 was mployed for 
separation of an 0^ (21:79) mixture and xhibited good selectivity. Permeability, P, has been reported in 
5 barrers. 

In Table III the effect of temperature on a polyetherimide/cholesteryl oleyl cartx)nate membrane (75/25), 
employed with the CO^CH*/Ni mixtures given above has been reported. Temperatures of the phase 
transitions for the liquid crystal were consistent with the following liquid crystal transitions: 
T* crystal to smectic -10" C 
10 T° smectic to cholesteric 18* C 
T* cholesteric to isotropic 31 * 



13 



0 227 299 





5H 














CNI 










> 






\ 






( 










O 


o 


in 


00 






CM 


CN 




















CO 







00 VO 



CM 



CN 



m ^ m 

rsl CM CM 



rsi 

CN 



o a> CO 

CN ^ ^ ^ 



70 



75 



20 



25 



30 



JJ 

to 
c 
o 

JQ 
U 
<D 

CJ 



0) 



W 

o 

H-t CJ 



35 



40 



45 



U 
O 

x: 

0) 
>^ 

o 
cu 



o 
o 



U 
0) 



CJij 

c 



0) 

u 

JJ 
(0 

o 



50 



55 



X > 
O --^ 

1—4 
O 

CO 



^ 4-) 



CM JJ 

o o 

CJ © 

cn 



CM 



c 

CJ 



CN 

o 

CJ 



B CJ 
(D o 



m <N ^ 

^ CN CN 



m m 



CN CM 



bJ 



CM 










1— I 


00 


m 




00 






00 


CM 


en 




o 


in 


o 


00 


vo 


cn 




a\ 


o 


VO 


in 








m 


CN 


CN 


CM 


CM 




























VO 


1— i 




in 


















m 


r- 






CO 


O 


r- 


ro 


03- 


m 


CM 


GO 


vo 


m 




a\ 


o 


CM 


en 


in 


vo 


00 






O 


o 


o 


o 




1^ 




i-H 






CM 


CN 


o 


o 


o 


o 


o 


O 


o 


O 


o 


o 


O 


O 


00 






CN 


CM 






















\o 


00 




in 


o 




m 


rH 


00 








in 


\o 


00 


o 


CN 


CM 


in 






O 


O 


o 


o 


o 


o 


rH 










CM 


o 


O 


o 


o 


o 


o 


o 


o 


O 


O 


O 


o 


o 




\o 


m 


CO 


00 




CN 


ro 


in 


cn 








m 






a\ 


CM 






V£} 


a\ 


en 




CM 


CN 


CN 


CM 


CN 


n 


cn 


ro 


rn 


cn 




o 


o 


in 


o 


in 


O 


in 


o 


in 


O 


in 


o 






I 


CN 


CN 










in 


in 


\o 










o 




CN 






in 


vo 








CO 



















14 



0 227 299 



As is evident from Table III. permeability, P. in barrers of all three gases. CO,. CH* and N, increased 
with temperature. Selectivities showed a decreasing trend as the temperature increased. 

In Table IV, six more polycartxjnate/Iiqutd crystal membrar»es were employed at various temperatures 
for the separation of the gas mixture comprising CO/CH4/N, reported hereinabove. The data has been 
arranged in six separate sets, each set containing a nematic (N) liquid crystal, characterizing the prior art 
and a smectic (S) or choiesteric (Ch) liquid crystal for comparison. In each instance, the membrane 
composition comprised 75 parts of polycart>onate/25 parts of liquid crystal (LC). 



0 227 299 



8 



Si 





m 


rg 






m 


m 


in 


• 


• 


• 










rsi 




rsi 







in 



o 



O 



CM 



70 



75 



20 



25 



30 



3S 



40 



45 



50 



55 



CO 



cn 

0) 

o 

f 
I 

o 
o 

•rH 

O 



CO 
iu 

£ 

U 
O 

8 



04 



CO 

c 
u 



o 



c 



5 tJ 



•1-4 

S 15 

\ o 

CO 



CN U 



Li 
0) 

CM U 



X 
CO 



I ^ 



o 

GO 
00 



o 

in 



r3 



in 

CM 



GO 



CD 

o 



as 

CT» 



CN 



00 



in 

CN 



CO 



u as 

O 0) 

W O 

« 0) c 

< 

a o J 
§ 6 



o 



CJ\ 



o 

CN 



o 



vo 




CM 




CM 


GO 


in 


in 




CM 


m 




• 




m 


• 


o 


O 


o 


o 



m 




in 






m 




in 










• 


• 


• 


• 


o 


o 


o 


o 



o 



CM 



CO 



U) (0 

§ 6 



ox 
CM 



o 



in 



CM 
CM 



c 
a> 



c 

0) 



c 

■3, 



00 

o 



CM 



o 



in 



CM 



CO 



0) 

c 

0) 



I— f 
CJ 



in 
o 



CN 



in 


CM 


m 


CO 






• 


• 


• 















o 

CM 
O 



in 



in 

GO 











CM 


in 


o 


CN 


00 


in 




r- 


o 


CN 




vo 


• 


• 


• 




o 


o 


o 


o 



in 

CM 



in 



CM 



o 



in 



in 

CN 



CO 



0) 

cn 

ca x: 

CO o 



0) 

o 

g 

U3 



CO 



16 



0 227 299 



8 



O 



O 



CN 



in 

CM 



CO 
ON 



CN 



U 
0) 



CO 
0) 



s 



CO 



to 



4J 



5 1i 
> - 

Z 0) 
CO 



\ o 



2 



& 



CM 



o 

GO 



CN 



O 



GO 

o 



o 

CM 



CN 

in 

CN 



GO 

o 



as 
so 



o 

CN 



in 



o 

Ok 
CN 



o 



4J 



•—1 



u 

<N U 
U 



_ o 




4J 



vo 



CN 



00 



o 



CN 



< ^ J 

i 6 



00 

o 



CO 
m 



o 
m 



00 



0) 0) 

<D I 

^ CN 

o 



I 0) 

I i 

4J 



in 
o 



CN 



« 

o 



00 

m 





1 


0) 




>i 


JJ 








& 


0 






jC 




XJ 


JJ 




CO 






Q) 


? 




f 


CN 




O 







8 



8 



C 

(O c 

3 JJ 

J- -Q 

C 1 

t c 



N 
C 

& 



>i 
N 
C 



a> JJ E 

p ^ I 



T T " 

c c z 



<T5 ^ 



U 
Q) 
JJ 
CO 

a; 

r— I 
O 

JC 

u 



JJ 

o 



17 



0 227 299 



As can be determined from Table IV. the polycarbonate/smectic or cholesteric liquid crystal compounds 
were more permeable to CO,. CH. and N. than the polycarbonate/nematic liquid crystal composites 
Selectivities in the CO,/CH» and COM, series were also improved whereas for N,/CH. the values were 
comparable. 

In Table V two polycarbonate (PC)/choIesteryl oleyl carbonate (CHOC) membranes were employed for 
gas separations, one having a 75/25 composition the other having a 60/40 composition. Each was compared 
with a polycarbonate membrane containing no liquid crystal component. Temperature was also varied 
between 0- to 40» C in 10» increments. The gas mixture again comprised the CH^CO^. mixture given 
hereinabove. ' 



18 



0 227 299 



70 



75 



20 



30 



40 



45 



50 



55 



O 

o 

Z 



o 



2 



. 2 



2 
& 



8 



2 



\ <5 






2 SI 



0^ 


00 






GO 






00 




ON 


00 


00 


• 


• 


• 


• 


• 


• 




o 


o 


o 


o 


o 




ON 














00 


ON 


o 


00 


• 


• 


• 


« 


• 


• 






o 


o 




o 


m 


in 


in 




GO 




CM 


o 




o* 


00 




o 


• 


• 


• 


« 








o 


o 


o 








m 










(—4 


• 




o 


NO 


• 


• 




• 


• 








CN 


in 




00 




m 




CM 


fN 
















« 


• 


■ 


• 


• 


• 


00 




O 






ON 




ro 






CN 






vo 


o 




ON 




t 


• 


• 


• 


• 






GO 


o 
















CN 




a\ 


in 


in 


NO 


00 






GO 




00 


o 














CM 


• 


• 


• 


• 


• 


• 


o 


o 


o 


o 


o 


o 


in 




00 


ON 


CM 


NO 


GO 


in 


*-( 


Ot 




OD 








m 


in 


^O 


• 


• 


• 


• 


• 


• 


o 


o 


o 


o 


o 


o 










m 










o^ 








fSI 










« 


• 


• 


• 


• 




o 


O 


o 


o 


o 












cn 








ON 


o 




en 


• 


• 




« 


• 


• 








in 


in 


NO 








o 


o 


o 


m 


in 




(-1 


m 


ON 


00 










NO 


• 


• 


• 


• 


• 


• 


VO 








CN 


m 














<N 




ON 




00 






ro 


ON 


CN 


ON 




m 






NO 


m 




• 




• 




























«-« 










00 


NO 


ON 




o 




ON 


cn 












CN 




o 


o 


o 


o 


o 


o 




o 


as 


in 










m 


CN 


CN 


#— 1 






CN 




m 


00 




* » 


• 




• 


• 


w 




O 


o 




w 


n 


O 




cs 








o 


CN 


CN 






*— 1 




m 




m 




• 


• 


• 


• 


• 




o 


o 


o 


o 


o 




o 


o 


o 


in 


o 


o 






CN 


«N 


m 






rvj 






in 


\o 


m 


m 






m 





19 



0 227 299 



- As can be seen from the data in Table V. the mennbrane compositions of the present Invention 
surpassed polycartwnate alone in an areas and at all temperatures tested 

In Table VI. a poiycarbonate/cholesteryl linoleate (CHLA) membrane (75/25) was compared with 

S^/^^"^*^ ^ ^^""^'^'^ ^ange of 0- to 40- C at 10- increm nts. The gas mixture was again 

Cn*/cOa/N2 as herernabove. 
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The data indicates that the selectivity was better at 0* C and 10° C when the mesophase was pres nt 
in the most ordered state. When the operating temperatur Increased and the order of the mesophase 
decreased, no significant differences in selectivities were registered. On the contrary, they were slightly 
lower for the polymer/liquid crystal composite membranes. Meanwhile this had a very clear effect on 
5 permeability for both CO, and CH* where were much higher above 20" C for polymer/liquid crystal 
membranes when compared with standard PC. 

The same tendency was shown In Table VII. when a membrane comprising polycarbonate/cholesteryl 
eojcate (75/25) was employed for the separation of the CHJCO^^ gas mi)cture between 0« and 35» C in 5» 
increments. 
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The data^ in Table VII reflects better permeability as the temperature increased while selectivity 
decreased. The values reported were all good as compared against polycarbonate alone 

Practce of the process for gas separation can also be conducted with a membrane composition of the 
present inyenton applied as a coating to a microporous polymer support. As an example a 

5 polysulfone/cholesteryl oleyl carbonate composition (75/25) and (60/40) applied to Barex 200, a copolymer 
rJ/rnT"""^ aaylonitrile and methylmethacrylate (75/25). was employed with the gas mfarture 
CHj/CO^, presented hereinabove. This product is available commercially as Barex resin. Barex behTa 
trademaric o Viston Corporation for banier resins. For comparison. Barex 200 coated with polyetherimkle 
^ IZ^. selectivity values have been reported in Table VlJ ^^dThS; 

10 good utility and improved results over the polymer coated support 

«,« IS,«^nwS? ^'^J^^P'^P^''^ a "^^"^ similar to that for coafing the membrane composition of 
^,rI^ Z T • pP^'^^'ly- « 1^ P«"^"t solution of the resin in dimethylformamide was prepared 
poured onto a clean glass plate and spread with a doctor blade. After coagulation with water. subsSIeni 

IS So^ ' """^ *° '"^''^^ composition of ^.e^SS 
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The permeability coefficient P/1 for the asymmetric membranes was determined and reported. The 
permeability coefficient per unit thickness for a component X, where X = CO,. CH, or N,, is expressed in 
the following unit 



P/1 = 



cc [STP] 



27 : ~" 

cm sec cmHg 



The formula Is similar to that for pemneabllity. P. except the thickness of the membrane is not entered. 

As the data in Table VIII . indicates, coating a porous substrate with a dense film such as the 
polymer/liquid crystal composite of the present invention gives high selectivity and permeability- The 
coating exhibits excellent adhesion to the substrate unlike dense film coatings devoid of liquid crystal 
components which will separate from the substrate over a period of time. 

Based upon the foregoing data it is clear that the gas panmeation increased at a temperature range 
corresponding to the primary relaxation process. Evaluation regardir^ the effect of liquid crystal phase 
transition temperature and concentration on the selectivity of the membrane has shown that the highest 
selectivity is reached when the mesophase exists in the most ordered state. 

The diffusion of smaJI molecules through mesophases Is anisotropic. But the diffusion in nematic 
mesophases can be considered as a similar process as occurs in liquids exhibiting only some anisotropy. 
Meanwhile, the behavior of smectics and cholesterics is consistent with the generally accepted assumption 
that tfie diffusion process is liquidlike Inside the smectic and cholesteric layers, respectively. From plane to 
plane however it can be regarded as a solidlike jump process with higher activation energy. It has thus 
been found that the nematic type liquid crystal has ttie lowest potential in obtaining a membrane with high 
selectivity. 

In conclusion, it should be clear from the fore going data that tiie polymer matrix/liquid crystal 
compositions, fonm improved membranes witii smectic and cholesteric class liquid crystals over those 
employing the nematic class. For use as semipermeable membranes in gas separation processes, best 
results are obtained when the mesophase exits in tiie most ordered state. 

ft is to be understood tiiat the novel polymer matrix/liquid crystal compositions can comprise otiier 
components than those exemplified herein, the examples having been provided merely to demonstrate 
practice of the subject invention. Those skilled in tiie art may readily select other polymers and liquid 
crystals of the smectic and cholesteric classes according to the disclosure made hereinabove. 

Lastly, although operability of the process to separate CO, from CH. and has been demonstrated 
herein, the membranes of the present invention and process for separating gases therewith can bs 
employed wrtti other gas mixtures so long as the members of a given pair have different permeability rates 
from each other. Moreover, use of these compositions Is not necessarily limited to gas separation as they 
can also have utility as biological membranes and possibly for the separation of metal ions. 

Thus, it is believed that any of the variables disclosed herein can readily be detemiined and confrolled 
without departing from the spirit of me invention herein disclosed and described. Moreover, the scope of the 
invention shall include all modifications and variations that fall within tiie scope of the attached claims. 

Claims 

1. Composite membrane compositions comprising: 

from about 99 to 30 parts by weight of a matrix polymeric chain selected from the group consisting of 
polyarylenes, substituted polyarylenes. polyester, polypropylene, polystyrenes, polyvinyl halides and nitro- 
gen containing polymers; and 

from about 1 to 70 parts by weight of a liquid crystal selected from the group consisting of smectic and 
cholesteric classes. 

2. Composite membranes, as set forth in claim 1, wherein said polyarylenes have the fonnula 
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n 



70 



where each R is independently a C. to C aJiphatic or a C, to C cyctoaliphatic radicai or an aryl radical 
having the formula 



75 



(R, ) 
1 P 



20 



Where each R. Is independently a C, to C aliphatic radical and p is an integer of 0 to 4. each radical being 
free of a tertiary alpha-carbon atom; A is hydrogen, halogen, an aliphatic or an aryl radical: Y is a divaierrt 
oxygen or sulfur atom or a carl>onate group and n is an integer of from about 75 to about 10,000; and 
said substituted polyarylenes have the formula 



25 



30 



B R 



A R 



35 



40 



Where R, Y, A and n are the same as above and B is a sulfonyl. sulfonamide, alkyl. acyl or Dhosohorus 
group. J f f 

3. Composite membranes, as set forth in claim 2, wherein said groups B are selected from the arouo 
cor^sting of: ^ ^ 

sulfonyls having the formula 



45 



I 

o=s=o 
I 

^2 



50 



where R, is a C. to aliphatic, an aryl radical of the formula 




55 



or a naphthyl radical; 
sulfonamides having the fonmula 
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where Ra can be the same or different; 
alkyls having the formula 

70 where R, is a C, to C„ aliphatic radical; 
acyls having the formula 



75 



o=s=o 

I 

N 

/ \ 
^2 ^2 



O 
u 



20 



25 



Where R, is a C. to C» aliphatic or an aryl radical of the formula 




o>-< 



and, 

phosphorus groups having the formulae 
or 

30 - P -(R,), 
O 



different ^^'^^ ^""^ consisting of R,. O-R. and mixtures thereof and can be the same or 

^ sele^;«?'Tm'*®r®'"'"^^' ^ ^' ^'^ "'*^°9«" containing polymers are 

35 selected from the group consisting of polyamldes. polyimides. polyimines. polyefrienmldes 

or«.,n ^^^^ niembranes. as set forth in claim 2. wherein said Rquid crystals are selected from the 
group cons.stng of 4-n-pentylben2yiidene^'-n.hexylaniline: din-heptyl-p-azoxy-alpha-methyi dnnm^LteJ 

^ XTZ^^^'^T' cholest^l oleyl^carS^aSfcJolS^^^ 

chSL^f Z ""T^'^'- '^»'oIesteryI-2-(ethoxyethoxy>ethyl carbonate: cholesteryl aUthoxyheS,,^ 
T^J^, ^^'f'^'J^l^:^^ ^'^oate; cholesteryl bromide; cholesteryl chloride: choIestS^^Ste^ 
cholesteryl propionate and 2-methylbutyl p-(-p-methoxy-ben2yndene amino)cinnamate 
^^nLy^^^'^ membranes, as set forth in claim 1. as semipermeable membranes useful for the 

.5 separajon of gases from a mixture containing at least two fractions into enriched fractions of ^ 

7. A process for the separation of gases from a mixture containing at least two qases into two fractions 

« o^^j"!!!! ^^^Z "^"^'^ ^ semi-permeable membrane in such a manner that a portion of the 

oe^eLu membrane and the depleted fraction being on the other side of the membrane. sJd ser^- 
permeable membrane having the composition as claimed in any of claims 1 to 5 . semi 

consistJ,o''Th«;^ 1°? 9^^^ '^'^'^ from the group 

consisting of hydrogen, helium, oxygen, nitrogen, carbon monoxide, carbon dioxide, hydrogen sulfide 
ss ammonia, water vapor and C, to C. hydrocarbons. aioxiae. nyorogen sulfide. 

and nH^j^Ia ^ ""^^"^ ®' ^ comprises carbon dioxide, methane 
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10. A method of making a semi-pemieabia membrane which comprises dissolving a polymer matrix as 
defined in claim 1 and a liquid crystal material as d fined in claim 1 in a solvent and casting the resuHino 
solution with removal of the solvent 
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